The prevalence of HIV in specific areas of South Africa and its impact on haematological parameters are largely unknown.
Introduction

Key focus
According to a national community-based survey conducted in South Africa in 2004, the prevalence of HIV in the general population at that time was 11.4%. 1 In 2006, the prevalence of HIV infection amongst antenatal clinic attendees varied between 15.1% in the Western Cape and 39.1% in KwaZuluNatal. At that time, the Free State Province had a reported prevalence of 31.1%, whilst the national prevalence was 29.1%. 2 Staging is used to classify patients living with HIV and patients that have AIDS into groups with different prognoses. The Centres for Disease Control and Prevention (CDC) 3 uses CD 4 counts of > 500 cells per mm 3 , 200-499 cells per mm 3 and < 200 cells permm 3 to determine clinical and therapeutic management of HIV-positive adolescents and adults. A CD 4 count of < 200 cells permm 3 is regarded as indicative of progression towards full-blown AIDS. 3 A routine full blood count can be valuable as part of the general investigation of an acute illness, regular monitoring of HIV infection, or monitoring of the side-effects of certain drug treatment regimens such as Zidovudine (AZT). 4 Haematological abnormalities may give an indication of impaired oxygen-carrying capacity, risk of infections and bleeding tendencies. 4 
Aim of the study
This investigation formed part of the Assuring Health for All in the Free State (AHA FS) research project, a prospective epidemiological study with the main aim to determine how living in rural and urban areas affects lifestyle and indicators of health. A multidisciplinary research team investigated socio-demographic status; household food security; dietary intake; levels of physical activity; knowledge, attitudes and practices related to nutrition; and reported health status, using standardised questionnaires. In addition to a medical examination, anthropometric measurements and blood specimens were also obtained for various investigations. A rural baseline study was completed in 2007, 5 whilst the urban baseline study was conducted in Mangaung in the Motheo District of the Free State province during 2009.
The aim of this particular component of the study was to, (1) describe the prevalence of HIV, (2) stage HIV by means of CD 4 counts, and (3) determine haematological differences between HIV-uninfected and HIV-infected participants in urban Mangaung, and to compare the findings with data obtained from the rural settlements previously investigated.
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Significance
We determined the prevalence of HIV infection in an urban area in the Free State Province, staged HIV-infected participants into different CD 4 count categories, and measured the extent of haematological abnormalities in all participants.
Ethical considerations
Approval to conduct the study was obtained from the Ethics Committee of the Faculty of Health Sciences at the University of the Free State in Bloemfontein (ETOVS nr: 21/07), the provincial Department of Health and local municipalities. Before onset of the study, all selected households were visited by trained fieldworkers and written informed consent to participate was obtained in the language of choice. Participation was voluntary and participants could withdraw at any time. All information was treated as strictly confidential. Pre-and post-intervention counseling was provided by medical practitioners. After completion of the urban baseline study and according to their clinical findings, participants who required medical services for management and follow-up were referred to the appropriate local or provincial facilities.
Methods
Setting
The urban baseline study was performed over a ten-day period in March 2009. Fasting venous blood samples were obtained from participants from 391 black households (n = 419), living in formal and informal settlements in Mangaung, Bloemfontein.
Sampling and design
The number of plots in the Mangaung University Community Partnership Programme (MUCPP) service area was counted on a municipal map and included Buffer, Freedom Square, Kagisanong, Chris Hani, Namibia and Turflaagte. An estimate was made of additional squatter households in open areas. A stratified proportional cluster sample was selected, stratified by area and formal plot and/or squatter households in open areas. Using randomly selected X and Y coordinates, 100 starting points were selected in this way. This sample was considered representative of the population served by the MUCPP clinic and results are indicative of the extent of the problem in this area. From each starting point, five adjacent starting households were approached. All volunteers between the ages of 25 and 64 years were eligible to participate. With the exception of age, the only requirement for inclusion in the study was written informed consent.
Procedure
Final-year and postgraduate students from the Department of Nutrition and Dietetics at the University of the Free State (UFS) conducted the interviews to complete household sociodemographic and individual health questionnaires. The interviews were performed under supervision of lecturers as part of the Service Learning function of the University.
Medical examinations were performed at the MUCCP clinic by medical doctors from the Department of Basic Medical Sciences, Faculty of Health Sciences, UFS. It is possible that participants with an existing medical problem were more likely to participate in the study, whilst bed-ridden participants could have found it difficult to visit the research venue to participate. More women than men participated in the study, most probably because more men are employed. Due to these reasons, the authors acknowledge that the study group is probably not representative of the general population.
All participants were screened for HIV using two fourthgeneration serum assays. Primary screening for HIV status was performed using the Enzygnost HIV Integral II Ag/ Ab test (Dade Behring; Marburg, Germany). Positive cases were confirmed by the Vironostica HIV Uni-Form II Ag/ Ab test (bioMérieux; Boxtel, The Netherlands). Serum CD 4 counts were measured with an Epics XL flow cytometer (Beckman Coulter; Atlanta, GA, USA). Full blood counts were obtained from blood collected in EDTA-containing tubes, using a Sysmex XT 2000i analyser (Roche Diagnostics; Indianapolis, IN, USA).
Analysing
Descriptive statistics were used to report findings, and the t-test to measure the significance of differences (p ≤ 0.05) between HIV-infected and -uninfected groups.
Results
Blood specimens were obtained from 419 participants in formal and informal settlements in Mangaung. Participants between 25 and 64 years of age were included in the study, of which 23.4% were male (mean age 45.1 years) and 76.6% female (mean age 44.3 years).
Of the 225 respondents who reported using medication, 43 (19.1%) indicated that they were receiving antiretroviral (ARV) treatment at the time of the study.
The overall prevalence of HIV infection in this survey was 40.8%, with 41.7% of female and 38.5% of male participants being infected. The peak prevalence of HIV occurred in the 31-40 years age group, with 38.4% of females and 39.5% of males in this age group being HIV-infected. The age distribution of HIV-uninfected and HIV-infected participants and the distribution of mean CD 4 counts in relation to age (Figure 1 ). Participants were grouped in 10-year intervals. The majority (38.6%) of HIV-infected participants were 31-40 years of age, whilst HIV-uninfected individuals were mostly represented in the 51-60 years age group (36.3%). No significant change in CD 4 count with age was observed.
Haematological results showed that HIV-infected participants had significantly reduced haemoglobin (in both males and females p < 0.0001), leukocyte (p < 0.0001), neutrophil (p < 0.0001) and lymphocyte values (p < 0.0001) compared to HIV-uninfected participants. The mean corpuscular volume (MCV) was significantly higher (p < 0.001) in HIV-infected participants. No significant difference was observed between the two groups with regard to the platelet count. Results of haematological investigations are presented (Table 1 ).
Discussion
The Mangaung area consists of both formal and informal settlements. The prevalence of HIV infection (40.8%) confirms a recent finding 6 in which 60% of women aged 25-34 years and 38% of women aged 35-44 years were found to be HIVpositive. This prevalence of HIV in the Mangaung area is much higher than the observed 17.1% amongst participants in rural the Free State, which included Springfontein, Trompsburg, and Philippolis. Nationally, HIV prevalence peaks in women aged 20-29 years (24.1%) and in men aged 30-39 years (21.3%). 1 In a rural study, 5 it was observed that HIV prevalence peaked later at 31-40 years (41.3%) in women and 41-50 years (37.9%) in men. The observation that peak prevalence of HIV infection in women occurs at a younger age than in men could reflect the fact that men tend to have sexual partners younger than themselves. 7 In the present (urban) study, HIV prevalence in both females (38.4%) and males (39.5%) peaked at 31-40 years. This high urban prevalence of HIV where men peaked earlier and at the same time as women may be due to the effect of lifestyle transitions that occur when people move from rural to urban areas. Antiretroviral treatment may cause macrocytosis 10 and may be the reason why the mean corpuscular volume of HIVinfected participants in this urban study was significantly higher than in uninfected participants (p > 0.001, Table 1 ). In the rural study, the mean corpuscular volume remained unchanged, as none of the participants received ARV treatment. 5 Differences in the rest of the haematological parameters between HIV-infected and -uninfected individuals (Table 1) were in general more pronounced in urban participants than found in a recent rural study. 5 Haemoglobin was significantly reduced in HIV-infected males (p < 0.0001) and females (p < 0.0001) compared to uninfected participants (Table 1) . Anaemia could contribute to symptoms of fatigue and breathlessness. It is more common amongst people with HIV infection and may be caused by HIV itself, opportunistic infections or treatment. 4 The significantly reduced haemoglobin values found in HIV-uninfected males are probably indicative of a generally ill study population.
Total as well as differential white cell counts were determined for each participant (Table 1) . Compared to HIV-uninfected participants, significantly reduced white blood cell (p < 0.0001) and neutrophil counts (p < 0.0001) might enhance the risk of bacterial and fungal infections. 4 Significantly reduced lymphocyte counts (p < 0.0001) observed in our study, may be associated with HIV-related infection and killing of CD 4 T-cells. 8 Lymphocyte counts between 1.0 and 2.0 x 10 9 cells/L were found to be a significant predictor of CD 4 < 200 cells mm -3 . 11 Our mean (± s.d.) lymphocyte count for participants with CD 4 < 200 cells/mm 3 was 1.45 (± 0.66) in urban participants. Lymphocyte count may therefore serve as a useful predictive tool in the management and monitoring of HIV-infected patients in resource-limited settings. 11 The impact of HIV-infection on haematological changes is reversible by highly active anti-retroviral therapy (HAART).
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Limitations of the study
A possible limitation of the study could be that participants with a specific medical problem were more likely to participate in the study. More women than men participated in the study, most probably because more men were employed. Due to these factors, we acknowledge that the study group was probably not representative of the general population.
Recommendations
Only 19.1% of HIV-infected participants indicated that they were receiving ARV treatment. Yet, 35.7% of HIVinfected participants had a CD4 count below 200 cells/ mm3. ARV treatment for more participants would thus seem justified and is recommended.
Conclusion
The prevalence of HIV in urban Mangaung was higher compared to the rural Free State. A high prevalence of anaemia and significantly reduced white blood cell and neutrophil counts were observed in HIV-infected participants. The CD 4 counts were in general much lower than in the rural study. 5 No significant change in CD 4 counts with age was observed, probably because a large number of participants received ARV treatment. The latter may also cause macrocytosis, 10 possibly reflected by the mean corpuscular volume being significantly larger in HIV-infected participants. All these changes are probably the result of a change in lifestyle and ARV treatment.
